Selecting sustainable teams for PPP projects by Mohan M. Kumaraswamy (7176770) & Aaron Anvuur (1248180)
 
 
 
This item was submitted to Loughborough’s Institutional Repository 
(https://dspace.lboro.ac.uk/) by the author and is made available under the 
following Creative Commons Licence conditions. 
 
 
 
 
 
For the full text of this licence, please go to: 
http://creativecommons.org/licenses/by-nc-nd/2.5/ 
 
 
 
 
 
                                                                                                                                                  
 
1
Selecting sustainable teams for PPP projects1 
Mohan M. Kumaraswamy, Aaron M. Anvuur 
Department of Civil Engineering, University of Hong Kong, Pokfulam Road, Hong 
Kong 
Abstract 
Inherent complexities and high strategic impacts of PPP (Public Private Partnership) 
projects call for careful team selection methodologies. While project-specific 
selection methodologies have been previously developed, it is shown that there is now 
a clear need for an integrated approach, which for example ties in past performance 
scores on technical, sustainability and relational criteria into a unified framework for 
decision-making. This paper proposes such a framework. The first phase of the 
validation of this framework was carried out using a Delphi-type survey of industry 
and academic experts. The findings indicate a high consensus among experts on the 
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Abstract 
Inherent complexities and high strategic impacts of PPP (Public Private Partnership) 
projects call for careful team selection methodologies. While project-specific 
selection methodologies have been previously developed, it is shown that there is now 
a clear need for an integrated approach, which for example ties in past performance 
scores on technical, sustainability and relational criteria into a unified framework for 
decision-making. This paper proposes such a framework. The first phase of the 
validation of this framework was carried out using a Delphic survey of industry and 
academic experts. The findings indicate a general consensus among experts on the 
suitability of the basic framework for further development. Following expansion and 
full operationalisation of the technical, sustainability and relational components, the 
developed framework will again be conceptually validated before recommending it 
for field testing and implementation.  
 Keywords: PPP; public private partnership; team selection 
Word count: 7,784 
1. Introduction 
 
Selecting the ‘right’ team is considered critical to the success of any construction 
project. There have been growing pressures for a shift from ‘lowest-price-wins’ to 
multi-criteria selection practices [1-3]. While price still remains a dominant selection 
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factor, there is a growing use of project specific criteria and other technical criteria 
pertaining to financial soundness, technical ability, management capability and past 
performance [3, 4]. Specifically: (a) Jennings and Holt [5] found that clients and 
contractors generally agree on the importance levels of multi-criteria selection factors; 
while (b) Zhang et al. [6] reported on BOT concessionaire selection methods used in 
Hong Kong. In addition: (c) attention has recently been drawn to the need to include 
sustainability criteria [7] in team selection methodologies [8]; while (d) the growing 
success of relational contracting approaches have highlighted imperatives to select 
team players based on their relational capabilities [9, 10].  
 
However, while frameworks exist for evaluating technical performance, measuring 
relational and sustainability performance have been problematic [see e.g., 11, 12]. 
Furthermore, an integrated approach that allows the evaluation of technical, 
sustainability and relational performance within the same framework should offer 
greater synergies and better assurance of sustainable infrastructure. The need for such 
an integrated framework is even more pressing and pertinent in the context of PPPs 
because of the (a) high complexities and uncertainties in such projects and hence the 
heightened need for cooperation, creative thinking, as well as technological and 
managerial innovations (b) strategic impact of such projects and hence the need to 
optimise their overall value capture, and (c) potential to develop, nurture and sustain 
the key performance requirements over a longer term [see 8]. A growing body of 
research supports the view that contractual parties are more willing to cooperate and 
to build good relationships on longer-term contracts [see e.g., 13, 14]. Focussing on 
short-term returns leads to neglect of, and detriment to, long-term project goals. The 
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long-term nature of PPPs provides a good opportunity to create, develop and sustain 
trust and cooperation and also for the benefits to materialise. 
 
This paper presents a basic framework for building relationally sustainable PPP 
project teams. This framework integrates the (1) ‘technical’ (2) ‘relational’ and (3) 
‘sustainability’ factors, along with indicators/ measures for evaluating such 
performance. The next section reviews some existing or proposed frameworks for 
measuring past performance. This is followed by (a) some guidelines for 
operationalising the framework focussing on evaluating relational performance, as an 
example; and (b) a discussion of how the separate evaluations are combined to 
determine the past performance scores of potential project teams. The final section 
summarises the results of a first-stage validation of the proposed framework using a 
Delphi-type expert evaluation.   
 
2. Measuring past performance 
 
2.1. Technical performance 
Mahdi et al. [15] developed a decision support system for selecting appropriate 
contractors using multiple criteria and past performance records. Yasamis et al. [16] 
conceptualised and operationalised a framework for contractor prequalification and 
selection. Examples of similar assessment frameworks in practice include the 
‘Consultants’ Performance Information System’ and ‘Contractors’ Performance Index 
System’ of the Environment Transport and Works Bureau, Hong Kong; and, the 
‘Performance Assessment Scoring System’ of the Hong Kong Housing Authority.  
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Consultants and contractors are usually classified in these systems by ‘category’ and 
‘specialty’ and their assessment scores on projects for the clients are recorded and 
continuously updated. Common technical criteria against which their performance is 
assessed include ‘progress’, ‘general obligations’, ‘workmanship’, ‘site safety and 
accident rates’, ‘claims consciousness’ etc. The maximum points/marks for each 
criterion is given, along with definitional formulae for computing the ‘past 
performance rating’ of each consultant/contractor and also for appropriately 
weighting their technical scores in the final selection stages of the bid evaluation 
process. Meanwhile, the need to select consultants, contractors and sub-contractors on 
a single set of common criteria (albeit with different priority weightings) has been 
found to be useful [11]. 
 
2.2. Sustainability performance 
Construction clients, to varying extents, now include sustainability requirements in 
their procurement documents [e.g. 12, 17]. For example, on the National Museum of 
Australia project, potential alliance partners were required to possess ‘demonstrated 
practical experience and philosophical approach in the areas of developing 
sustainability and environmental management’ [17, p.146]. While stipulating the 
requirements seem relatively uncomplicated, evaluating sustainability impact/ 
performance has been problematic [12]. The self-reporting nature of these 
assessments and the subjective evaluation processes could yield diverse outcomes. 
Some guidelines for measuring sustainability performance have been developed by 
the Global Reporting Initiative (GRI) [see 18]. These guidelines are generic and 
combine social, economic and environmental factors; and are currently applied on a 
voluntary basis, while performance measurements are only available annually. This 
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precludes using the GRI performance measures in assessing the sustainability 
qualities of potential team players. There is therefore a need for the development of 
appropriate and more objective indicators and frameworks for evaluating 
sustainability at the key phases of infrastructure planning, design, construction and 
operation.   
 
Ugwu et al. [19] proposed an analytical decision model and structured methodology 
for sustainability appraisal of infrastructure projects. They validated this assessment 
framework using a mega-infrastructure project case study in Hong Kong [20]. Some 
examples of the categories of generic sustainability indicators identified include [21]: 
public health and safety, in terms of public safety, occupational health and safe 
working systems; solid waste management, in terms of recycling and safe disposable 
systems; design, in terms of innovation, flexibility, designing out waste; contractor/ 
supplier involvement, in terms of effects on durability and constructability; and 
resource utilisation, in terms of the re-usability of moulds/ formwork and 
prefabrication. These provide some useful pointers to important areas that should be 
considered in infrastructure development in general and on a PPP scheme in 
particular.     
 
2.3. Relational performance 
Relational contracting approaches [10, 22] are becoming increasingly popular and are, 
arguably, the defining elements of many successful construction projects [e.g. 17, 23]. 
Careful selection of project team members based on a demonstrated ability and 
commitment to relationship-based collaborative approaches is a key driver of such 
projects. However, these assessments are largely based on questionnaires included in 
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the Request for Proposals or Tenders [e.g. 17, 24]. They are thus based on self-reports 
and are therefore subjective and with potential for bias. An objective and updatable 
record of the relational capabilities of potential project partners based on assessments 
of their performance on past projects will provide more reliable and consistent ratings 
to facilitate the selection of the ‘right’ partners. Selecting the optimal team is only one 
facet of the solution. Beyond this, identifying the ‘sources’ of the desirable attributes 
being assessed can focus management attention on developing the necessary 
capabilities and potential synergies in their team.  
 
3. Operationalising the relational framework 
 
The proposed conceptual framework for evaluating the relational capability of a 
potential project team member is shown in Fig. 1. The framework uses a set of 
relational criteria or factors, each of which links to a number of independent key 
relational sub-factors. These relational factors may be weighted to reflect different 
priorities of the project and/or client. Each relational sub-factor is assigned a score of 
0, 1, 2, 3 or 4 representing ‘unacceptable’, ‘below average’, ‘acceptable’, ‘good’ and 
‘excellent’ respectively. Guidance notes will provide information for scoring at each 
point of the Likert scale. The relational score is then the sum of the weighted scores 
earned for each relational sub-factor. This will allow an objective comparison of the 
relational qualities of various potential team players based on measurements of their 
‘relational capability’ on previous projects. A rating system classifies the relational 
scores into bands/intervals of ‘relational capabilities’ defining ‘excellent’, ‘good’, 
‘acceptable’, ‘below average’ or ‘unacceptable’ [for an example, cf. 25]. Decision 
rules, formulated on the basis of a suitable multi-attribute decision-making model, are 
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established and define the minimum ‘relational capability’ required for qualification. 
This will then enable, for example, a prequalification of only potential team players 
with ‘good’ relational qualities. 
 
Apart from incentives/sanctions, cooperative behaviour of project teams depends on 
the values and attitudes shared by their members, summarised as the project culture 
[26]. Such a project culture has been traced to multiple sources [27]. Table 1 shows 
these relational factors (i.e. values and attitudes) and their respective sub-factors, 
which have been identified through precursor studies and an extensive literature 
search on trust, partnering/ alliancing and cooperative arrangements in general in 
construction, as well as in other work settings, but needed development, validation 
and further refinement in the context of PPPs. Values generate some feelings of 
obligation on team members and lead to team self-regulation [10, 28]. Indicators of 
good team values include [9, 17, 24, 29-38]: consistency, fairness, reliability, 
openness, and neutrality. 
 
Attitudes are the affective, cognitive and behavioural reactions toward the team. Good 
attitudes result in cooperative behaviours that are considered necessary or desirable 
for the team to succeed. Indicators of good attitudes in teams are [9, 17, 24, 29-39]: 
commitment, loyalty, receptivity, care, joint decision-making, and innovativeness. 
Clearly, contextual and external factors shape the development of these values and 
attitudes and attention to these factors will be useful [e.g. 33-35, 40-42]. Equally 
important is the need to select PPP teams whose membership have demonstrated these 
desirable attributes on previous projects [9, 22].     
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3.1. Selecting optimal PPP teams  
While separate evaluation systems may serve a specific purpose as above, there are 
clear advantages in integrating the scoring systems under all three performance 
categories. Particularly for PPP teams, a single scoring system for assessing technical, 
‘relational’ and ‘sustainability’ performance will facilitate clarity and consistency in 
assessments, and enable a holistic overview of overall performance. It is therefore 
recommended to develop a single scoring system, with weighting where necessary to 
reflect differences in priority, along with similar decision rules to those described 
above. 
 
The ‘relational capability’ and ‘sustainability potential’ scores, in addition to 
performance against technical criteria, can be stored in continuously updated 
databanks of public or large private clients to provide information on a viable supply 
network. The threshold performance scores defined by the client organisation can 
determine membership of this network. Tendering consortia with members belonging 
to these supply networks who respond to an Expression of Interest (EOI), may then be 
assessed for their eligibility by comparing their (1) technical competence, (2) 
relational capacity and (3) sensitivity to key sustainability issues. The combined score 
for the past performance of each tenderer is the sum of the weighted scores in the 
technical, relational and sustainability assessments. Thus the Past Performance Score 
of the ith tenderer is given by: 
Past Performance Scorei = WTTi + WRRi + WSSi                 
(1)  
where, WT , WR , WS , are the chosen weightings applied to the technical, relational 
and sustainability (see above) indices respectively, where WT + WR + WS  = 1; and Ti, 
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Ri and Si, are the respective technical, relational and sustainability indices for the ith 
consortium expressing an interest to tender. 
 
Furthermore, each tenderer is assumed to be a consortium of companies including 
designers, constructors, operators, and financial institutions. The Ti, Ri and Si referred 
to above are in fact, the averages of the technical, relational and sustainability scores 
respectively of the individual companies constituting the consortium tendering for the 
project. For example, the technical competence score, Ti of the ith consortium can be 
given by: 
Ti = 

n
j
jtn 1
1            (2) 
where, tj is the technical competence score for the jth member of the ith consortium.   
Alternatively, these tj scores may also be weighted before summation, by the relative 
importance of their expected contribution. If no performance record exists for a 
particular member of a consortium, the scores can be assumed to be the average of 
those of the other companies in that consortium. In the special situation where no 
performance record exists for any member of a consortium, the past performance 
score can be the average of the past performance scores attained by the other consortia 
responding to the EOI. While this adds to the client risks, it is a way to incorporate 
new progressive and competent companies and so invigorate existing supply chains.  
A deliberate policy may be formulated to short-list only one such ‘completely new’ 
consortium in any major tender. 
 
These Past Performance Scores can then be used as the basis for short-listing 
companies to respond to a formal Request For Proposals (RFP). Since each short-
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listed tendering consortium should have the minimal relational capacities, their 
proposals at this stage should be assessed based on how well they respond to the 
project specific criteria outlined in the RFP, the price tendered for the range of 
services required and their value contributions to the development of the host country 
[see 43, for a proposed index to measure this]. After the selection of the preferred 
bidder, structured team building workshops can be organised to promote cooperative 
interaction between the contracting parties and align their respective project 
objectives (as in Fig. 2). During these workshops contractual adjustment mechanisms, 
issue resolution protocols, incentive mechanisms and team interaction protocols can 
be negotiated. The common project objectives comprising technical (e.g. schedule and 
quality), relational (e.g. teamwork and openness) and sustainability (e.g. reducing 
environmental impact) can then be agreed in a Partnering Charter or Alliance 
Agreement.   
 
The assembled PPP project team will then be able to effectively mobilise their various 
individual relational qualities to synergistically interact, collaborate and deliver the 
‘sustainable’ product/ service. The joint problem solving initiatives can then be 
extended to cover both risk and sustainability issues. The team then proactively 
addresses and decides on all uncertainties and any changes during project progress 
using the best available options for optimising project objectives. This integrated 
approach contributes directly to sustainable infrastructure and indirectly through the 
longer-term and wider contributions via ‘sustainable relationships’ through 
relationship building and ‘knowledge-building’ for example, of critical success factors 
that will then be incorporated in the ‘knowledge base’ as per Fig. 2. Through this 
approach, it is expected to focus more attention on increasingly important 
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considerations such as efficient use of resources, supporting desirable natural 
environments, improving value for money, providing customer satisfaction, 
facilitating flexibility for user changes and enhancing the quality of life. A focus on 
these considerations will clearly contribute to more sustainable infrastructure and 
ultimately, sustainable development as also shown in the broad framework in Fig. 2.   
 
4. Preliminary model validation 
 
4.1. Study methodology 
In order to test the potential viability of the basic framework proposed above, a 
Delphi-type assessment was commenced. The methodology adopted has its 
conceptual underpinnings in the approach that is termed the ‘ranking-type’ Delphi 
[44-46]. A variant of the Delphi method developed by the RAND Corporation [47], 
the ranking-type Delphi approach is used in the management disciplines to shape 
opinion consensus of a group of experts on important issues. The ranking-type Delphi, 
or variations of it, has been used by researchers in construction management for issue 
identification and prioritisation [e.g. 48-51] and also for concept/ framework 
validation [e.g. 4, 52, 53]. The present study used a variant of the ranking-type Delphi 
involving experts from industry and academia.  
 
The generalisability of findings from nominal group and Delphi processes depends, 
not on statistical power but, on the expertise of the constituted panel [44]. Therefore, 
the present panel members were carefully chosen to mobilise in-depth knowledge and 
considerable local and international experience in infrastructure PPPs. Table 2 
provides a profile of the expert panel by position, industry sector and geographic 
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location. The study followed the detailed guidelines provided by Delbecq et al. [44] 
and illustrated by Okoli and Pawlowski [45] for identifying and soliciting the most 
qualified experts for nominal group and Delphi processes. The task of identifying 
experts and populating the register of experts was simplified by drawing upon a list of 
internationally reputed PPP experts, based on their knowledge of, and high level of 
experience in PPPs, as carefully chosen by the conference committee, comprising 
leading academics and professionals with a long-standing knowledge of PPPs,  who 
organised ‘a landmark conference on PPPs’ in Hong Kong in February 2005 entitled 
“Public Private Partnerships – Opportunities and Challenges”. The first author was the 
chairman of the organising committee. A literature review of academic and 
practitioner journals was also carried out, which confirmed the names on this list and 
brought up a few others. The experts on the updated list were then ranked, according 
to their qualifications, knowledge and experience, in priority for invitation to 
participate in the study.  
 
A total of 21 experts were finally invited to participate in the study. Each potential 
panel member was sent an E-mail invitation/ request for participation along with a 10-
page attachment describing the basic framework and its envisaged development. Also 
included was an assessment form. Each panel member was requested to read the 10-
page description of the overall and indicative relational frameworks and then to rate 
their performance against selected criteria on a 5-point Likert scale (1 = “poor”; 5 = 
“excellent”). The overall framework was assessed using a 7-criteria scale and, the 
indicative relational framework, on a short version of this 7-criteria scale consisting of 
four items (see Table 3). Panel members were requested to email or fax the completed 
assessment form, together with explanations of their assessments or any comments, 
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views and suggestions on issues included in, excluded from, or, relevant to, the 
proposed framework.  
 
One expert declined to participate because of other commitments; another did not 
complete the structured assessment form but instead provided qualitative feedback; 
eight did not respond and 11 returned their completed assessment forms. This panel 
size falls within the 10-18 range recommended by Okoli and Pawlowski [45]. For 
instance, Chan et al. [49] used a panel of 10, and Gunhan and Arditi [51] a panel of 
12 experts in their Delphi studies. The response to the call for participants indicates 
that potential participants consider this R&D exercise as important and relevant [46]. 
This Delphi-type approach was considered suitable to obtain expert opinion on the 
potential usefulness and adaptive nature of the framework being proposed before 
proceeding to do any further work on its development. The advantages of this 
approach over a focus group interview are anonymity of, and, flexibility in the 
selection of, panel members [45].  
 
4.2. Measures     
Nominal group and Delphi processes embrace the philosophy that ‘the whole is 
greater than the sum of its parts’ [44, 46, 54, p.186]. Therefore, suitable measures of 
rating similarity are required before any inferences can be drawn from, say, the mean 
ratings of experts.  Two conceptually distinct indices of rating similarity are provided: 
interrater reliability and interrater agreement [55, 56]. Interrater reliability coefficients 
indicate the consistency (i.e. reliability) of the pattern of ratings by two or more raters, 
independent of the level or magnitude of those ratings. On the other hand, interrater 
agreement coefficients indicate the degree of similarity in the level or magnitude of 
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ratings by two or more raters. While several indices of interrater reliability exist [see 
57], the one-way random effects average measures intraclass correlation coefficient, 
ICC(k), was considered most suitable for this study [58, 59]. ICC(k) provides 
information about the stability of mean ratings for a group of k raters. In other words, 
if another random sample of experts rated the same framework, ICC(k) approximates 
the correlation between the average ratings from the two sets of experts [56, 59]. 
ICC(k) is a function of both rating consistency and consensus [56, 59]. Thus, high 
values are indicative of both substantial rating consistency and substantial rating 
consensus.  
 
The James et al.’s [60, 61] procedures for the within-group interrater agreement 
statistic, rwg, were used to compute the within-group interrater agreement coefficients 
for: (1) the criterion ratings of experts, rwg(I); and experts’ mean ratings of the overall 
and relational frameworks, rwg(J). As stated earlier, the purpose for soliciting experts’ 
ratings was for development feedback, that is, to identify the strengths and 
weaknesses of the proposed framework. This was clearly spelt out in the invitation 
sent out to all survey participants. Also, the anonymity of the respondents was 
guaranteed. It is, therefore, reasonable to expect that the expert panel will be more 
frank in their assessment of the framework against the 11 criteria. This 
notwithstanding, the rwg statistics were computed for a rectangular/ uniform null 
distribution (variance, E2 = 2.0, for a 5-point Likert scale) and a slightly skewed null 
(E2 = 1.33). The ‘slight’ skew presupposes that random responding will result in 60% 
of the observed values being a 4 or a 5 on the 5-point scales [60, 62].  
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4.3. Results and discussion 
Table 3 shows descriptive statistics for experts’ criterion ratings and Table 4 shows 
interrater reliability and agreement indices for the scales used in assessing the overall 
and relational frameworks. Because of missing values, the ICC(k) and rwg(J) statistics 
are based on reduced samples of experts. Four trends are evident. First, all the 
criterion ratings averaged above 3.0, the midpoint of the 5-point Likert scale. While 
not reported, the mean criterion ratings for the reduced samples are marginally higher 
than those reported in Table 3. Criteria 6 and 10 recorded the lowest mean ratings. 
Pointers to the possible reasons for the low mean ratings for criteria 6 and 11 are 
contained in the qualitative feedback provided by the experts. Three experts 
considered criteria 6 and 10 difficult to judge and so did not rate them, while three of 
the experts who rated these criteria gave the same reason for their low ratings. One 
expert did not rate criterion 11. The explanations the experts gave for not rating, or for 
assigning low rates to, criteria 6, 10 and 11 include:  
 “many factors could be manipulated to varying degrees” [and therefore] “this 
will mostly depend on the experience, knowledge and expertise of the users 
(decision-makers)”;  
 “different users may obtain different results, [as] it is subjective to assign a 
score and a weighting to a factor”; and  
 “…the lack of operating companies and the long-term nature of PPPs will 
make it difficult to collect enough information to validate the [suppliers] 
database”. 
 
The first two difficulties identified by the experts could be reasonably resolved by 
adhering to the documented set of guidance notes (as proposed above) for scoring at 
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each point of the Likert scale and also by ensuring that only experienced senior 
managers carry out the evaluation. The issue of the subjectivity of users’ scores 
cannot entirely be eliminated as it can arise from human nature. However, using the 
same set of criteria and guidance notes will, over time, facilitate clarity and 
consistency in, and therefore bring greater rigour and objectivity to, the evaluations.  
 
The comment about the apparent lack of established operators when compared with 
designers and constructors is a fair comment on the development of PPPs and, as 
Akintoye et al. [63] observe, specialisation and consolidation by these few operators 
could well become entry barriers for new operators to the sectors where these have 
taken place. That said, it is unlikely that the whole operational phase of a PPP will 
need to be monitored before a reasonable assessment can be made of the performance 
of the operator(s). Other expert views on the need to expand, clarify and consolidate 
the proposed indicators to include the “whole set of softer, contextual and quantum 
level issues” were acknowledged in the 10-page framework description emailed to 
them, and is also noted here. Except for criteria 4 and 6, there is generally a moderate-
high interrater agreement (see Table 3) among the experts for the evaluation criteria 
[46, 56]. The interrater agreement coefficients generally reflect the concerns discussed 
above, and, these concerns may be the reason for the weak interrater agreement on 
criterion 4 (i.e. Applicability).  
 
However, the rwg(J) statistics in Table 4 suggest that a substantial proportion of the 
variance in experts’ judgements of the frameworks is true variance. Note that these 
values exceed the 0.70 threshold for consensus indices [46, 56]. The ICC for the 
overall framework, ICC(8), exceeds the recommended threshold of 0.7 for 
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consistency indices [64] and Cohen’s [65] large effect size criterion [F(7,48) = 2.506, 
p < .028].  The Cronbach’s alpha for the scale assessing the overall framework is 
0.83, which also exceeds the 0.70 threshold. However, the ICC for the relational 
framework is below the 0.70 threshold. The test of the hypothesis that the true value 
of the ICC for the relational framework, ICC(7), is zero (i.e., ρ = 0) is also not 
significant at the .05 level [F(6,21) = 1.706, p < .169].  The Cronbach’s alpha for the 
scale assessing the relational framework is 0.48, which is below the 0.70 threshold.  
 
The two indices of rating similarity, ICC and rwg(J), suggest a high reliable consensus 
of experts’ on the suitability of the overall framework for further development. The 
high Cronbach’s alpha also indicates the internal consistency of the scale used in 
assessing the overall framework. However, the results for the relational framework 
are mixed. While there is high consensus among experts on the suitability of the 
relational framework, the reliability coefficients are low. Note that the Cronbach’s 
alpha is an ICC computed using a consistency definition of rating similarity, which is 
ICC(C,k). The ICCs reported in Table 4 use an absolute definition of rating similarity. 
This means that they indicate both the reliability and magnitude of the experts’ ratings 
[see 59]. Compared to the ICC, the rwg statistic is a more stable and unbiased indicator 
of interrater agreement [55, 56, 60]. It is suggested the low estimates for the ICCs are 
due to the small number of items (or criteria) used in the scale for assessing the 
relational framework. The magnitude of ICCs depends on the number of items in the 
scale and the inter-item correlations [59]. Note in Table 3 that four items are used in 
the assessment of the relational framework, as opposed to 7 in the overall framework. 
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As an extreme measure, these ICCs can be increased by spuriously inflating the 
number of items in the scale, but this will be very poor research practice. Conversely, 
using a small number of items (in this case, 4) in a scale when it is clear that the 
category width contains a larger number of items may result in artificially low 
estimates, as are observed in this study [see also 66, 67]. However, the relational 
framework is assessed on only four of the seven items used for the overall framework 
because it was considered not to have been fully developed and elaborated, but 
warranted testing at this intermediate stage. In particular, the metrics (i.e., scales, 
attributes, guidance notes) for assessing against the relational criteria or sub-factors 
(see Figure 1) have not yet been developed. Therefore, a substantially developed and 
elaborated relational framework assessed against a larger set of criteria should provide 
more acceptable ICCs. 
 
Of course, another, but unlikely, explanation is that the anonymous developmental 
ratings of PPP domain experts were tainted by leniency bias. Such a position would 
also disregard the years of education, experience and expertise, as well as the 
professional objectivity of the constituted panel. In addition, anchoring the upper limit 
of the scale (i.e. 5 = “excellent”) should discourage experts from using the most 
positive scale point, and, therefore, limit leniency bias [see 56]. However, even after 
controlling for leniency bias, the interrater agreement coefficients (rwg-ss) in Table 4 
are still substantially high and well above the recommended threshold of 0.70.  
 
4.4. A note on termination criteria in Delphi iterations 
The versatility of the Delphi method represents both its power and the basis for its 
fallibility [54]. Researchers are generally willing, as in this study, to modify or adapt 
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the Delphi method to meet scenario-specific decision-making and forecasting needs. 
This is considered appropriate provided the first principles are not compromised. In 
this study, the approach is referred to as Delphi-type and detailed clarifications and 
justifications are provided. However, an important issue that has the potential to 
undermine the quality and credibility of Delphi-type processes, and which many 
researchers have glossed over, is the termination criteria for polling. It is important in 
this discussion to first distinguish between rounds and phases in a Delphi process. 
The number of phases will typically depend on the objectives of the particular study. 
The typical application of the ranking-type Delphi is for identifying and prioritizing 
issues [e.g. 49]. Such a study will usually involve three phases [46]: 
 the discovery and classification/consolidation of issues; 
 trimming the list of issues so that they can be meaningfully ranked; and 
 having respondents rank the pared list. 
 
The first two phases are important especially where there is no historical data and will 
each typically involve one round. Where historical data is available, some researchers 
replace or supplement the first two phases with a literature review. Determining the 
final list of issues to be ranked is usually subjectively decided by the researcher, 
although a structured approach could be adopted to make the process less arbitrary. In 
the study reported in this paper (i.e. conceptual validation of a PPP team selection 
framework), the first two phases were not relevant.  
 
However, the issue of when to stop iterations, and hence the number of rounds 
involved, in the third and final phase is determined by two objective statistical criteria 
[46]: 
 
 
 
 
                                                                                                                                                  
 
21
 Strong consensus (i.e. ≥ 0.7) measured by a consensus index, for instance 
Kendall’s coefficient of concordance (W) or James et al.’s rwg statistic. 
Statistical significance is not a sufficient criterion to halt the iteration since 
with panels of more than 10 experts, even very small values of W and rwg can 
be significant [see also, 59]; and 
 In the absence of strong consensus, the iteration should be stopped when there 
is a levelling off (or stabilization) of W or rwg. Further rounds would produce 
unreliable results. This is an application of saturation theory [68]. Saturation 
occurs when additional information no longer generates new understanding 
(Note that the same principle is applied in determining how many focus group 
interview sessions are needed for each variable of investigation [see 69]). 
 
Obviously, and especially where there is moderate agreement, a trade-off analysis 
between the researcher’s resources and indulgence of the panelists on the one hand 
and the potential gain to achieved in conducting an additional round may decide when 
the polling actually stops.   
 
The present study used one round of polling and the results indicate a high consensus 
among experts for both the overall and relational frameworks. In situations of high 
consensus in the first round of polling, a second round of polling is usually still 
advised [see 46]. However, the authors took the liberty to not have a second round in 
light of the objective of this study – to obtain developmental feedback on the potential 
usefulness and adaptive nature of a PPP team selection framework. Thus, while 
important, consensus among experts was not the focus of this study per se. Dalkey 
and Helmer’s [47] seminal account of the Delphi process, an application in 
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forecasting, does not preclude such a reasoned judgement. The advantage of this 
Delphi-type approach should, therefore, be seen in its ability to highlight differences 
of individual opinion [see 70, 71], as reflected in the discussions of comments from 
the experts. Having said that, using two different indices of rating similarity (rwg and 
ICC) and adjusting for leniency bias, compensates for any ‘loss’ likely to be incurred 
by not undertaking an additional round. The Delphi-type approach used in this study 
is thus considered appropriate.  
 
5. Conclusion and directions of future research 
 
The many variables and uncertainties in PPP projects, as well as their potentially 
profound impacts on entire communities including future generations, demand careful 
selection of PPP team members in order to achieve the desired multiple objectives, 
while optimising the input resources and output infrastructure. This paper presents a 
basic framework for selecting PPP team players based on assessments of their past 
performance against technical, sustainability and relational criteria. Such an integrated 
framework will bring clarity and consistency to PPP team selection, and assist 
immensely in assembling the ‘right’ team for the job. A Delphi-type survey was 
initiated with a sample of industry and academic experts to critique the basic structure 
and intent of the proposed general PPP team selection framework. The findings of this 
initial study indicate a high consensus among experts on the suitability of the basic 
generic framework for further development. The findings also indicate that a lot 
remains to be done, and justifies launching the next R&D phase in what is seen to be 
an important exercise.  
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The first, and perhaps most difficult, task is the operationalisation of the technical, 
relational and sustainability components of the overall framework. As some of the 
experts rightly commented, ‘the devil lies in the details’. While the industry has many 
well-developed schema, criteria and sub-factors for technical evaluation, developing 
appropriate metrics for the relational sub-factors will be a significant challenge. 
However, studies in construction and, mostly, in other sectors have proposed 
promising metrics that provide a good basis for such an effort [37, 72-78]. Also, it is 
planned to select and test factors and sub-factors from the ‘sustainability indicators’ 
emerging from a parallel study by Ugwu et al. [19, 20]. The fully operationalised 
frameworks will each be conceptually validated and refined by an expanded expert 
panel.  
 
Using the internally consistent 7-criteria scale as a basis, it is planned to also expand 
and improve the rating system in terms of both rating criteria and scale differentiation. 
More experts will be invited to join the initial panel in evaluating the completed and 
refined versions of the frameworks, for example drawing in more expertise in 
relationship and sustainability evaluation specifics. An important factor in this 
refining process would be the need to achieve, as far as possible, parsimony in the use 
of the final model. The final step in the validation will be to present and obtain 
detailed feedback, and if possible test, the final model with large public and private 
sector PPP procuring agents. The developed framework for assembling, relationally 
integrated and sustainable teams can then be integrated into a decision support 
framework for formulating more viable and valuable PPPs for sustainable 
development. This decision support framework could be further differentiated if so 
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desired, to provide a ‘tool-kit’ of region-specific (e.g. for Hong Kong) and sub-sector-
specific (e.g. for highway infrastructure) templates [for an overview, see 79].  
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Fig. 1.  Basic framework of indicators for evaluating relationships 
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3 Relational Scores
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2 Relational Sub-factors
4 Relational Index
Where,
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                             sub-factor 
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Fig. 2.  Mobilising relational contracting and sustainable relationships for sustainable 
infrastructure and development through PPPs 
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Relational factors and sub-factors in the construction management literature 
Researcher(s) 
Values 
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Black et al. [29] √   √ √ √   
Hauck et al. [17]  √   √ √ √  
Rahman & Kumaraswamy [9] √ √ √ √ √  
Cheung et al. [30]   √ √ √ √  
Cowan [31]   √  √   
Thompson & Sanders [36] √ √ √  
Halman & Braks [24]    √ √ √  √ √ 
Hampson & Kwok [32]    √ √ √  
Dainty et al. [39] √  √ 
Nicolini [35]    √ √ √ √ √ 
Kadefors [33, 34] √ √ √ √ √ √   
Wood & McDermott [38] √ √ √ √ √  
Wong et al. [37] √ √ √ √ √ √   
Dulaimi et al. [41] √    √ √ √ 
Frequency  4 5 6 10 3 11 6 9 4 
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Table 2 
Expert panel by position, location and industry sector 
Rater ID Position/ (Title) Location Sector
1 Assistant Professor/ (Dr.) Hong Kong Education
2 Technical Director/ (Mr.) Hong Kong Services (Private)
3 Associate Professor/ (Dr.) Singapore Education
4 Procurement & project 
management analyst/ (Mr.)
Australia Services (Local 
government)
5 Lawyer/ (Dr.) Hong Kong Services (Private)
6 Conjoint Professor & Advisor, 
social infrastructure/ (Prof.)
Australia Education & 
Services (Private)
7 Associate Professor/ (Dr.) UK Education
8 Professor & Field Coordinator Thailand Education
9 Centre Director & Associate 
Professor/ (Dr.)
Australia Education
10 Associate Professor/ (Dr.) UK Education
11 Business Analyst/ (Mr.) UK Services (Private)
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Table 3 
Descriptive statistics for experts’ criterion ratings 
 
Number Description
01 Clarity 11 3.82 0.87 -0.690 0.779 0.62
02 Validity in reflecting real needs 11 3.64 0.92 -0.023 -0.448 0.57
03 General coverage of macro-level critical 
performance factors
11 3.45 0.69 -0.932 0.081 0.76
04 Applicability 11 3.36 1.21 -0.864 -0.155 0.27
05 Adaptability to different scenarios 11 3.64 0.92 -0.023 -0.448 0.57
06 Potential reliability after expansion 9 3.11 1.05 -1.094 0.611 0.44
07 Suitability for further development 10 4.20 0.79 -0.407 -1.074 0.69
08 Coverage of relational factors 11 3.73 0.65 0.291 -0.208 0.79
09 Coverage of relational sub-factors 11 3.82 0.60 0.028 0.413 0.82
10 Potential reliability after expansion 8 3.13 0.99 -1.486 2.973 0.51
11 Suitability for further development 9 4.00 1.00 -0.964 0.786 0.50
Notes:
a   r wg(I) is the within-group interrater agreement coefficient for the criterion ratings of n experts, based on the uniform 
null distribution, with variance, σE2 = 2.0, for a 5-point Likert scale (1="poor",  5="excellent" ); 
Assessment of basic framework for evaluating relational 
performance
Mean 
score
n
Skew
r wg(I)
aStd. 
dev.
Criterion
Assessment of basic overall framework that consolidates 
relational, technical and sustainability criteria for team 
Kurtosis
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Table 4 
Interrater reliability and agreement indices by rating scale 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Interrater 
reliability
Rating scale k r wg(J)-un
a r wg(J)-ss
b ICC (k)c
Overall framework 8 0.90 0.78 0.80d
Relational framework 7 0.93 0.87 0.41e
Notes:
a Within-group interrater agreement coefficient for the mean ratings of the
framework by 8 experts, based on the uniform null distribution (σE2 = 2.0,
for a 5-point Likert scale).
e one-tailed test of the hypothesis (H 0: ρ  = 0), ns
Interrater agreement 
b Within-group interrater agreement coefficient for the mean ratings of the
framework by 7 experts, based on a slightly skewed null distribution (σE2 =
1.33, for a 5-point Likert scale).
c One-way random effects average measures intraclass correlation coefficient for k
raters.
d one-tailed test of large effect size (i.e., H 0: ρ = 0.5) is significant, p <
0.05
